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[57] ABSTRACT 
A thermoplastic halocarbon polymer laminate is de 
scribed. The laminate comprises a modi?ed vinylidene 
halide polymer containing at least one functional group 
(a) selected from the group consisting of a carboxyl 
group, a hydroxyl group, and an epoxy group and a 
modi?ed styrene polymer containing at least one func 
tional group (b) which is selected from the above 
de?ned group but which differs from the functional 
group (a), with the contents of the functional groups (a) 
and (b) being 1><1O*3 to 3><10-l mol/lOO g respec 
tively. 
The laminate of the present invention is high in inter 
laminar adhesion and has the advantageous properties 
of thermoplastic halocarbon polymers as well as the 
properties‘of styrene polymers. 

8 Claims, No Drawings 
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THERMOPLASTIC HALOCARBON POLYMER 
LAMINATES 

FIELD OF THE INVENTION 

The present invention relates to laminates having a 
strong interlaminar adhesion that include a layer of a 
thermoplastic halocarbon polymer. 

BACKGROUND OF THE INVENTION 

Of thermoplastic halocarbon polymers, ?uorocarbon 
polymers generally have superior resistance to solvents 
and absorb no water at all. In addition, ?uorocarbon 
polymers are quite excellent in weather resistance, heat 
durability, abrasion resistance, and nonstickiness of all 
plastics. 

Polytetrafluoroethylene (PTFE) is a typical ?uoro 
carbon polymer. Because of its high resistance to heat 
and solvents, PTFE is used as an anticorrosive coating 
on the inner surfaces of pipes and as packings in chemi 
cal apparatuses. Since PTFE has a low dielectric con 
stant, a low dielectric loss, and a high electrical resistiv 
ity, it is used as an insulator on electric cables. PTFE is 
also used for oilless retainer and guide shoe because it is 
excellent in surface lubricity. However, since PTFE has 
a high melting point and cannot be easily molded by 
melt-forming techniques, disadvantageously PTFE 
must usually be formed by sintering procedures. With a 
view to improving the moldability of PTFE, copoly 
mers of tetra?uoroethylene with other unsaturated 
monomers or fluorocarbon monomers other than tetra 
?uoroethylene have been proposed. Furthermore, non-\ 
tetrafluoroethylene type ?uorocarbon polymers which 
are thermoplastic and yet exhibit properties similar to 
those of ' PTFE have been developed. 

Despite their superior properties, PTFE and the im 
proved ?uorocarbon polymers are expensive and for 
general purposes it is considered useful that they are 
laminated with inexpensive substrates. 
The problem, however, is that ?uorocarbon poly 

mers are non-adhesive and involve considerable diffi 
culty in terms of being bonded to substrates. 
A variety of techniques have been studied in order to 

provide ?uorocarbon polymers with improved adhe 
sion to substrates. One approach is to modify the sur 
faces of fluorocarbon polymers either by the wet pro 
cess wherein the surfaces of molded ?uorocarbon poly 
mers are treated, for example, with a solution of an 
alkali metal or by dry processes such as corona dis 
charge, plasma discharge and sputter etching. Accord 
ing to other approaches, the surface of a ?uorocarbon 
polymer is eroded by a special solvent that can dissolve 
the polymer and is bonded to substrates; alternatively, a 
?uorocarbon polymer is physically bonded to substrates 
by sandwiching a glass mat. 

Adhesive polymers that can be used as substrates to 
be bonded to ?uorocarbon polymers have also been 
proposed. There are known, for example, certain 
ethyleneethyl acrylate copolymers, ethylene-vinyl ace 
tate copolymers, and modi?ed products thereof (see 
Japanese Patent Application Laid-Open Nos. 86748/ 81 
and 12645/ 82); epoxy group-containing polyole?ns (see 
Japanese Patent Application‘ Laid-Open Nos. 8155/82 
and 212055/ 82); and polymer compositions comprising 
methyl methacrylate polymers and copolymers grafted 
with vinylidene ?uoride (see Japanese Patent Applica 
tion Laid-Open No. 12646/ 82). 
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2 
Chlorocarbon polymers as thermoplastic halocarbon 

polymers are generally ?ame-retardative, have superior 
resistance to water, acids and alkalis, are stable in many 
organic solvents, and exhibit superior barrier properties 
against various gases and water vapor. Vinyl chloride 
polymer (PVC) and vinylidene chloride polymer 
(PVDC) are typical chlorocarbon polymers. 

Vinylidene chloride homopolymer has a softening 
point which is very close to the thermal decomposition 
temperature and the plasticizers and stabilizers that can 
be used with this polymer are limited. Therefore, in 
order to provide PVDC having improved moldability, 
vinylidene chloride is copolymerized with such mono 
mers as vinyl chloride, acrylonitrile and acrylates. Such 
copolymers (PVDC) are used in textile products such as 
fishing nets, insect-screen nets, and tents, as well as in 
packing ?lms, and coating latices. PVDC has superior 
gas barrier properties but it is expensive and does not 
exhibit satisfactory degrees of heat resistance and stiff 
ness when used alone. Therefore, in the food packing 
industry, PVDC is used in the form of dispersion coat 
ings or, alternatively, it is laminated with substrates, for 
example, of styrene type resins by coextrusion molding, 
and they are used- for ?lms and containers. In the case of 
containers, a dispersion of PVDC is dif?cult to apply 
and requires a drying process. In order to avoid this 
complexity of operations, it is desirable to fabricate 
PVDC containers by the simpler coextrusion molding 
rather than the dispersion coatings. 
PVDC is not highly adhesive and attempts have been 

made to improve the adhesive properties of its disper 
sion to the substrates by introducing functional groups 
through copolymerization with other monomers. 

Adhesive polymers that are suitable for use as sub 
strate which adhere to PVDC have been proposed and 
they include: ethylene-vinyl acetate copolymers (see 
Japanese Patent Application Laid-Open Nos. 66770/ 74 
and 26876/78; and Japanese Utility Model Application 
Laid-Open No. 83339/78); thermoplastic polyurethanes 
(see Japanese Patent Application Laid-Open Nos. 
106584/79 and 217151/85); and certain polyesters (see 
Japanese Patent Application ~Laid-Open No. 
152085/79). 
However, these prior techniques are not completely 

satisfactory in terms of moldability, workability and 
adhesive strength and the types of substrates to which 
they can be bonded are limited. For example, as for 
?uorocarbon polymers, Japanese Patent Application 
Laid-Open Nos. 86748/81 and 12645/82 disclose lami 
nates of thermoplastic ?uorocarbon polymers and ethy 
lene-vinyl acetate copolymers; if, with a view to provid 
ing improved adhesion, a large amount of vinyl acetate 
is introduced in the form of a copolymer with ethylene, 
the resulting copolymer has a lowered mechanical 
strength and yet its adhesive strength to the ?uorocar 
bon polymer is not significantly improved. As for chlo 
rocarbon polymers, most cases of coextrusion molding 
are laminates of PVDC and ethylene-vinyl acetate co 
polymers as proposed in Japanese Patent Application 
Laid-Open Nos. 66770/74 and 26876/78 and Japanese 
Utility Model Application Laid-Open No. 83339/78, 
but ethylene-vinyl acetate copolymer adheres poorly to 
styrene polymers and has not been suitable, for example, 
for use as industrial parts, and food packaging materials. 

SUMMARY OF THE INVENTION 

The inventor has made concerted efforts for the pur 
pose of eliminating the aforementioned defects. As a 
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result, the inventor has found that by laminating speci? 
cally modi?ed polymers mentioned below, a laminate 
improved remarkably in adhesion can be obtained and 
the above purpose can be attained. The present inven 
tion has been accomplished on the basis of this ?nding. 

Therefore, the present invention provides a thermo 
plastic halocarbon polymer laminate which comprises a 
modi?ed vinylidene halide polymer containing at least 
one functional group (a) selected from the group con 
sisting of a carboxyl group, a hydroxyl group, and an 
epoxy group and a modi?ed styrene polymer containing 
at least one functional group (b) which is selected from 
the above-de?ned group but which differs from the 
functional group (a), with the contents of the functional 
groups (a) and (b) being 1X 10*3 to 3 X 10'1 mol/lOO g 
respectively. 

DETAILED DESCRIPTION OF THE 
INVENTION 

»The vinylidene halide polymers used in the present 
invention include ?rst, as vinylidene chloride polymers, 
polyvinylidene chloride, and copolymers whose major 
component is vinylidene chloride such as vinylidene 
chloride-vinyl chloride copolymer, vinylidene chlo 
ride-acrylonitrile copolymer, and vinylidene chloride 
acrylate copolymer, commercial products of which 
may be used as required, and as vinylidene ?uoride 
polymers, polyvinylidene ?uoride and copolymers 
whose major component is vinylidene ?uoride such as 
vinylidene fluoride-tetra?uoroethylene copolymer, vi 
nylidene ?uoride-chlorotri?uoroethylene copolymers, 
and vinylidene ?uoride-hexa?uoropropylene copoly 
mer, commercial productsof which may be used as 
required. Further, other polymers compatible with vi 
nylidene halide polymers may be used as blends. A 
known example of such blends is one of a vinylidene 
?uoride polymer and a methyl methacrylate polymer. 
The vinylidene halide polymers may of course be mixed 
with commonly employed inorganic ?llers, additives, 
pigments, etc. 
The modi?ed vinylidene halide polymers that consti 

tute one layer of the laminate of the present invention 
are ones that are formed by introducing at least one 
functional" group (a) selected from the group consisting 
of a carboxyl group, a hydroxyl group, and an epoxy 
group into the above-mentioned vinylidene halide poly 
mers, which may be formed into a composition. 
The functional group (a) may be introduced into the 

vinylidene halide polymer by a variety of methods such 
as; a method wherein a thermoplastic polymer having 
the functional group (a) and compatible with the vinyli 
dene halide polymer is blended with the vinylidene 
halide polymer; a method wherein a comonomer having 
the functional group (a) is incorporated in the vinyli 
dene halide polymer by either random, block or graft 
copolymerization; a method wherein the reactive group 
in the vinylidene halide polymer is reacted with a com 
pound having the functional group (a) or a compound 
that will form such a functional group by reaction; and 
a method wherein the polymer is modi?ed by oxidation 
(thermal decomposition), hydrolysis or any other ap 
propriate means. The ?rst, second and fourth methods 
are preferable, since they allow the functional group (a) 
to be readily introduced into the vinylidene halide poly 
mer and because it is easy to control the amount of the 
functional group (a) to be incorporated. 
An example of thermoplastic polymers having the 

functional group (a) and compatible with the vinylidene 
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4 
halide polymer is a copolymer of a monomer having the 
functional group (a) and a monomer, such as a methac 
rylate'or an acrylate, which is compatible with the 
vinylidene halide polymer. 

Illustrative monomer having a carboxyl group in 
clude acrylic acid, methacrylic acid, maleic acid, ita 
conic acid, hymic acid (3,6-endomethylene-l,2,3,6-tet 
rahydrophthalic acid) and their anhydrides. Acrylic 
acid and maleic anhydride are particularly preferable 
for the purpose of providing enhanced adhesion. 

Illustrative monomers having an epoxy group include 
glycidyl acrylate, glycidyl methacrylate, glycidyl ethyl 
acrylate, and glycidyl itaconate. Glycidyl acrylate and 
glycidyl methacrylate are particularly preferable be 
cause of their high reactivity. 
A hydroxyl group is preferably introduced by hydro 

lyzing a copolymer of a vinyl ester such as vinyl acetate 
or vinyl propionate or by copolymerizing an unsatu 
rated alcohol such as an ester of acrylic acid or meth 
acrylic acid with a glycol. 
Examples of the modi?ed thermoplastic vinylidene 

chloride copolymer obtained by graft, random or block 
copolymerization are vinylidene chloride/(meth)acry 
lic acid copolymer, vinylidene chloride/2-hydrox 
yethyl (meth)acrylate copolymer, vinylidene chlori 
de/Z-hydroxypropyl (meth)acrylate copolymer, vinyli 
dene chloride/hydroxyvinyl ether copolymer, vinyli 
dene chloride/glycidyl (meth)acrylate copolymer, vi 
nylidene chloride/glycidyl vinyl ether copolymer, and 
vinylidene chloride/allylglycidyl ether copolymer as 
well as multicomponent copolymers comprising a bi 
nary monomer constituting these copolymers and a 
comonomeror comonomers such as vinyl chloride, an 
alkyl (meth)acrylate, and acrylonitrile. 

Examples of the modi?ed thermoplastic vinylidene 
?uoride copolymer are obtained by graft, random or 
block copolymerization are vinylidene ?uoride/(meth 
)acrylic acid copolymer, vinylidene ?uoride/Z-hydrox 
yethyl (meth)acrylate copolymer, vinylidene ?uori 
de/Z-hydroxypropyl (meth)acrylate copolymer, vinyli 
dene ?uoride/hydroxyvinyl ether copolymer, vinyli 
dene ?uoride/glycidyl (meth)acrylate copolymer, vi 
nylidene ?uoride/glycidyl vinyl ether copolymer, and 
vinylidene ?uoride/allylglycidyl ether copolymer as 
well as multicomponent copolymers comprising a bi 
nary monomer constituting these copolymers and a 
comonomer or comonomers such as tetra?uoroethyl 
ene, hexa?uoropropylene, tri?uorochloroethylene, 
vinyl ?uoride, ethylene, propylene, an alkyl vinyl ether, 
?uorovinyl ether, a ?uoroalkyl (meth)acrylate, etc. 
Hereinbefore, both acrylic acid and methacrylic acid 
are generally referred to as “(meth)acrylic acid” and 
both acrylate and methacrylate are generally referred to 
as “(meth)acrylate”. ' 

The process for forming these modi?ed thermoplastic 
halocarbon copolymers is proposed, for example, in 
Japanese Patent Publication Nos. 24959/77 and 
4207/85, and Japanese Patent Application Laid-Open 
Nos. 67518/85, 67517/85, 34107/82 and 34108/82. 
For the purpose of providing the modi?ed vinylidene 

halide polymers with improved adhesion to the modi 
?ed styrene polymers, it is preferred that to the modi 
?ed vinylidene halide polymers is added an elastomer 
having a low or no crystallinity such as ?uororubber, 
for example, vinylidene fluoride-hexa?uoropropylene 
copolymer, vinylidene ?uoride-penta?uoropropylene 
copolymer, vinylidene fluoride-chlorotrifluoroethylene 
copolymer, vinylidene ?uoride-tetra?uoroethylene co 
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polymer, vinylidene ?uoride-hexa?uoropropylene-tet 
rafluoroethylene copolymer, tetra?uoroethylene-pro 
pylene copolymer, and tetra?uoroethylene-per?uorovi 
nyl ether copolymer, chlorinated polyethylene, chloro 
sulfonated polyethylene, polyurethane rubber, acrylic 
rubber, chloroprene rubber, nitrile rubber, ethylene 
vinyl acetate rubber, polyether rubber, and other elasto 
mers having generally a crystallinity of up to 20% mea 
sured by the X-ray diffraction method. 
With a view to improving the compatibility and adhe 

sion, in the case of the vinylidena chloride polymers, as 
the elastomer, preferably use is made of chlorinated 
polyethylene, polyurethane rubber, acrylic rubber, ni 
trile rubber, ethylene-vinyl acetate rubber, chloroprene 
rubber or polyether rubber, and in the case of the vinyli 
dene ?uoride polymers, as the elastomer, preferably use 
is made of vinylidene fluoride series fluororubber such 
as vinylidene ?uoride-hexafluoropropylene copolymer, 
vinylidene fluoride-hexa?uoropropylene-tetrafluoro 
ethylene copolymer, vinylidene ?uoride-chlorotri 
?uoroethylene copolymer, and vinylidene ?uoride-pen 
ta?uoroethylene copolymer. 
With a view of improving the adhesion, the amount 

of the elastomer when added is 5 to 60 wt %, preferably 
10 to 50 wt %, and more preferably 10 to 30 wt %. 
The styrene polymers used in the present invention 

are polymers comprising mainly an aromatic vinyl mon 
omer, for example, styrene or nucleus-substituted sty 
renes such as methylstyrene, dimethylstyrene, ethylsty 
rene, isopropylstyrene, and chlorostyrene; and a-sub 
stituted styrenes such as a-methylstyrene and a-ethyls 
tyrene, which may, if required, contain a smaller 
amount of other monomer copolymerizable therewith 
such as acrylonitrile, methyl methacrylate and vinyl 
chloride. Illustrative. polymers include polystyrene, 
high impact polystyrene, acrylonitrile-styrene copoly 
mer, acrylonitrile-butadiene-styrene copolymer, methyl 
methacrylate-butadiene-styrene copolymer, acryloni 
trile-chlorinated polyethylene-styrene copolymer, acry 
late-styrene-acrylonitrile copolymer, and a resinous 
polymer composition of two or more of these homopol 
ymers and copolymers, which may of course contain 
various inorganic ?llers, additives, pigments, etc. that 
are generally used in this ?eld. 
The modi?ed styrene polymers that constitute one 

layer of the laminate of the present invention are ones 
' that are formed by introducing at least one functional 
group (b) selected from the group consisting of a car 
'boxyl group, a hydroxyl group and an epoxy group but 
different from the above-described functional group (a) 
into the above-mentioned styrene polymers, which may 
be formed into a composition. 
The functional group (b) may be introduced into the 

styrene polymer by a variety of methods such as: a 
method wherein a comonomer having the functional 
group (b) is incorporated by either random, block or 
graft copolymerization; a method wherein the reactive 
group in the,styrene polymer is reacted with a com 
pound which has the functional group (b) or a com 
pound that will form such a functional group by reac 
tion; and a method wherein the styrene polymer is mod 
i?ed by oxidation (thermal decomposition), hydrolysis 
or any other appropriate means. The ?rst and third 
methods are preferred since they allow the functional 

20 

25 

30 

45 

55 

60 

group (b) to be readily incorporated into the amount of 65 
the functional group (b) to be incorporated. Copoly 
merization is particularly preferred because ?rst a small 
amount of the functional group (b) is suf?cient to pro 

6 
vide improved adhesion and, secondly, the polymer to 
be used for the modi?cation does not experience any 
great deterioration in its physical properties. 
Monomers having a carboxyl group, a hydroxyl 

group or an epoxy group may be properly selected from 
among the examples of monomers having the functional 
group (a). 
For the purpose of providing the modi?es styrene 

type polymers with improved adhesion to the modi?ed 
vinylidene halide polymers, it is preferred that to the 
modi?ed styrene polymers is added an elastomer having 
a low or no crystallinity such as styrene copolymer 
rubber, for example, styrene-butadiene rubber, styrene 
isoprene rubber, styrene-chloroprene rubber, styrene 
butadiene block copolymer rubber, and styrene-iso 
prene block copolymer rubber and their hydrogenated 
products as well as various elastomers having generally 
a crystallinity of up to 20% measured by the X-ray 
diffraction method. 
With a view to providing improvement in the adhe 

sion and the compatibility with the modi?ed styrene 
polymer, as the elastomer, preferably use is made of 
styrene copolymer rubber. 
The amount of the elastomer when added is 5 to 60 

wt %, preferably 10 to 50 wt % in view of the improve 
ment of the adhesion. 
The modi?ed styrene polymer may further contain 

other thermoplastic polymers such as polyamides and 
polyesters. 

In order to provide high peel strength, it is required 
that the amounts of the functional groups contained in 
the modi?ed vinylidene halide polymer and the modi 
?ed styrene polymer are at least 1X 10104 mol/ 100 g 
respectively. In order to provide improved moldability 
and physical properties (e.g., balance between impact 
resistance and stiffness), the amounts of the functional 
groups should be up to 3 X 10''1 mol/ 100 g respectively. 
The amounts of the functional groups are preferably 
from 5><10-3 to 2X 10-1 mol/ 100 g, particularly pref 
erably from l><l0-2 to l><10 "1 mol/ 100 g, respec 
tively. If the amounts of the functional groups are 
within the'stated ranges, the modi?ed polymers may be 
used after being diluted with unmodi?ed polymers of 
the same kind. 
The functional groups to be incorporated in the modi 

?ed polymers that constitute opposed layers to form the 
laminate of the present invention are preferably com 
bined in such a way that they are capable of chemically 
reacting with each other. Illustrative combinations of 
the functional groups include (1) a combination of a 
carboxyl group with an epoxy group or a hydroxyl 
group; and (2) a combination of an epoxy group with a 
hydroxyl group. 

Particularly preferable combinations are as follows: 
(1) a modi?ed styrene polymer containing a carboxyl 
group is laminated with a vinylidene halide polymer 
containing an epoxy group; and (2) a modi?ed styrene 
polymer containing an epoxy group is laminated with a 
vinylidene halide polymer containing a carboxyl group. 
The laminate of the present invention may be fabri 

cated by lamination of the two modi?ed polymers in a 
molten state by th known techniques such as pressing, 
heat sealing or coextrusion molding. The thickness of 
each layer is preferably selected from the range of l to 
1000 pm. 
The laminate of the present invention consists of not 

only the two layers of the modified polymers mentioned 
above but also may consist of three or more layers in 
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cluding the above-mentioned two layers. Other layers 
that may serve as substrates include halocarbon poly 
mers such as vinyl chloride polymer, vinylidene chlo 
ride polymer, and vinylidene ?uoride polymer; styrene 
polymers such as polystyrene and acrylonitrile-butadi 
ene-styrene polymer; acrylic polymers such as poly 
methyl methacrylate; o-olefm polymers such as poly 
ethylene and polypropylene; rubbers such as acryloni 
trile-butadiene rubber and styrene-butadiene rubber; 
metals such as aluminum and iron; thermosetting resins 
such as unsaturated polyesters, epoxy resins and ure 
thane polymers; and engineering plastics such as ther 
moplastic polyesters, polycarbonates and polyamides. 

Speci?c embodiments of the laminate of the present 
invention are shown below, wherein the terms “(inner)” 
and “(outer)” denote the innermost and outermost lay 
ers in the laminate, respectively; and PS, PVDF, 
PVDC, and GB. stand for, respectively, polystyrene, 
polyvinylidene ?uoride, polyvinylidene chloride and 
gas barrier resin of polyamide, polyethylene terephthal 
ate, polycarbonate, etc. " 

(1) (inner) metal/modi?ed PS/modi?ed PVDF 
(/PVDF) (outer) which may be used in weather-proof 
steel pipes and weather-proof or corrosion-resistant 
decorative steel plates; 

(2) (inner) (PVDF/)modi?ed PVDF/ modi?ed 
PS/ metal (outer) which may be used in corrosion-resist= 
ant pipes (as in chemical plants) or as lining on the inner 
surfaces of tanks (e.g., acid cleaning tanks); 

(3) (inner) (PVDF/)modi?ed PVDF/modi?ed 
PS(/PS or PS foam) (outer) which may be used in hot 
water supply pipes, containers for chemicals of indus 
trial grades, or bottles for reagents for use in IC fabrica 
tion (e.g., etchants and ultrapure water); 

(4) (inner) (PVDF/)modi?ed PVDF/modi?ed 
PS/elastomer (outer) which may be used in pipes in 
heating systems, medical tubes or oil-resistant tubes (for 
automotive applications); 

(5) (inner) (PS or PS foam/)modi?ed PS/modi?ed 
PVDF(/PVDF) (outer) which may be used as automo 
tive ceilings, in outdoor pipes or appliance parts; 

(6) (inner) (PS/)modi?ed PS/modi?ed PVDC 
(/PVDC/modi?ed PVDC)/modi?ed PS(/PS) (outer) 
which may be used as food packaging materials; 

(7) (inner) (PS/)modi?ed PS/modi?ed PVDC 
(/PVDC) (outer) which may be used as food packaging 
materials or in oil-resistant pipes; 

(8) (inner) substrate/ modi?ed PS/ modi?ed PVDC 
(/PVDC) (outer) which may be used as food packaging 
materials; 

(9) (inner) G.B./modi?ed PS/modi?ed PVDC 
(/PVDC/modi?ed PVDC)/modi?ed PS/G.B. which 
may be used as food packaging materials; and 

(10) laminates combined with other substrates which 
may be used in the ?eld wherein the weather resistance, 
chemical resistance, uncontaminating property, heat 
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8 
durability, ?re retardancy and additive-free high purity 
intrinsic in PVDF are utilized. 
The laminate of the present invention not only can be 

bonded to these substrate without using an adhesive but 
also can be bonded to them using an adhesive if re 
quired. 
As described above, since the laminate of the present 

invention is high in interlaminar adhesion and has the 
advantageous properties of thermoplastic halocarbon 
polymers as well as the properties of styrene polymers, 
it is expected that the laminate of the present invention 
may be used not only in industrial items but also in daily 
needs. 
The present invention will now be explained in 

greater detail with reference to the following examples, 
but the present invention should not be construed as 
being' limited thereto. 

In the following examples, the interlaminar peel 
strength (interlaminar adhesion) was assessed as fol 
lows: 

Peel strength: a laminate was cut into l-cm wide 
strips, after one end was peeled, the strip was set in an 
Instron type tester with the sheet of the modi?ed vinyli 
dene halide polymer and the modi?ed styrene polymer 
being gripped by chucks, and the measurement of the 
peel strength was effected with a speed of 10 mm/min. 

EXAMPLES 1 TO 4, COMPARATIVE 
EXAMPLES 1 AND 2 

A vinyldene ?uoride polymer (PVDF; “Kynar 2800” 
manufactured by Pennwalt Corporation) and a methyl 
methacrylate-glycidyl methacrylate copolymer (MMA 
GMA: with an epoxy content of 0.35 mol/100 g) were 
blended in the proportions shown in Table l. The 
blends were kneaded at 210° C. to obtain modi?ed 
PVDF compositions. A 0.5-mm thick hot-pressed sheet 
was formed from each of the thus prepared composi 
tions. On the other hand, styrene-acrylic acid copoly 
mers (St-AA: having acrylic acid contents of 0.014 and 
0.069 mo1/l00 g respectively) and a hydrogenated sty 
rene-butadiene-styrene copolymer rubber (SEBS: Kra 
ton G1652 manufactured by Shell Chemical Co.) were 
blended in the proportion shown in Table l and 
kneaded at 200° C. to form St-AA compositions. A 
0.5-mm thick hot-pressed sheet was formed from each 
of the thus prepared compositions. Each of the modi?ed 
vinylidene ?uoride polymer composition sheets and 
each of the modi?ed styrene polymer composition 
sheets are bonded to form a laminate at 210° C. by com 
pression molding. The 90° peel strength of each lami 
nate was measured and the results are shown in Table 1. 
A laminate wherein, instead of the St-AA composi 

tion sheet, a polystyrene (PS: Diarex HF 77 manufac 
tured by Mitsubishi Monsanto Chemical Co., Ltd.) 
sheet was used was evaluated in the same manner and 
the result is shown in Table 1. 

TABLE 1 
Modified vinylidene 
flouride polymer 
composition layer 

Modi?ed styrene polymer 
composition layer 

Example No. Compara- (parts by weight) (parts by weight) 
(according tive Epoxy Acid Peel 

to the Example MMA- group content Styrene polymer group content strength 

invention) No. PVDF GMA (mol per 100 g) Type Amount SEBS (mol per 100 g) (kg/cm) 

1 80 20 0.070 St-AAl 100 -~ 0.014 0.3 
2 70 30 0.105 St-AAI 100 — 0.014 0.5 
3 70 30 0.105 St-AAZ 100 -— 0.069 0.7 
4 70 30 0.105 St-AAZ 70 30 0.049 1.0 
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TABLE l-continued 
Modi?ed vinylidene 
?ouride polymer Modi?ed styrene polymer 
composition layer composition layer 

Example No. Compara- (parts by weight) (parts by weight) 
(according tive Epoxy Acid Peel 

to the Example MMA- group content Styrene polymer group content strength 
invention) No. PVDF GMA (mol per 100 g) Type Amount SEES (mol per 100 g) (kg/cm) 

1 10 30 0.105 PS ' 10o - o o 

2 100 — 0 St-AA 100 -- 0.069 0 

Note: 
ST-AAl had an acrylic acid content of 0.014 mol/ 100 g, and St-AAZ had an acrylic acid content of 0.069 mol/ 100 g. 

EXAMPLE 5 

400 ml of pure water, 8 g of tribasic calcium phos 
phate as suspending agent and 0.012 g of sodium dode 
cylbenzenesulfonate were charged into a l-l autoclave 
to serve as an aqueous medium, and 150 g of a vinyli 
dene ?uoride polymer (PVDF: “Kynar 2800” manufac 
tured by Pennwalt Corporation) having a particle diam 
eter of 3 to 4 mm were stirred thereinto to be suspended. 
On the other hand, 1 g of benzoyl peroxide was dis 
solved into 50 g of methyl methacrylate (MMA) and 50 
g of glycidyl methacrylate (GMA), the solution was 
added to the above-described suspension, and nitrogen 
was introduced into the autoclave to replace the system 
in the autoclave with the nitrogen. The inside of the 
autoclave was heated to 60° C., and the temperature 
was kept for 3 hours with stirring thereby to impregnate 
the PVDF particles with the glycidyl methacrylate and 
methyl methacrylate containing a polymerization initia 
tor. 
Then the suspension was heated gradually to 90° C. 

over the course of 1 hour, and that temperature was 
kept for 3 hours with stirring to effect the polymeriza 
tion. After cooling, the contents were taken out and 
washed with water to obtain 223 g of methyl methacry 
late glycidyl methacrylate-modi?ed PVDF (hereinafter 
referred to as modi?ed PVDF) particles. The methyl 
methacrylate content and graft copolymerization quan 
tity and the glycidyl methacrylate content and graft 
copolymerization quantity in the modi?ed PVDF were 
16.4 wt %, and 3.3 wt % and 16.4 wt %, and 3.3 wt %, 
respectively. Therefore, the epoxy group content in the 
modi?ed PVDF was 0.12 mol/ 100 g. 

After the modi?ed PVDF was kneaded at 210° C., it 
was formed into a hot-pressed sheet having a thickness 
of 0.5 mm. On the other hand, a composition of 30 parts 
by weight of the hydrogenated styrene-butadiene-sty 
rene copolymer'rubber and 70 parts by weight of the 
styrene-acrylic acid copolymer (having an acrylic acid 
content of 0.069 mol/ 100 g) used in Example 4 was 
formed into a hot pressed sheet having a thickness of 0.5 
mm. These modi?ed PVDF sheet and modi?ed styrene 
polymer composition sheet were bonded by compres 
sion molding to form a laminate. The 90° peel strength 
of the obtained laminate was measured to be 1.2 kg/ cm. 

EXAMPLE 6 

70 wt % of a vinylidene chloride polymer and 30 wt 
% of methyl methacrylate-glycidyl methacrylate co 
polymer used in Examples 1 to 4 were kneaded at 180° 
C. to obtain a modi?ed vinylidene chloride polymer. 
A 0.5-mm thick sheet of the modi?ed vinylidene 

chloride polymer‘ and a 0.5-mm thick sheet of the modi 
?ed styrene polymer composition used in Example 5 
were bonded at 180° C. by compression molding, and 
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the 90° peel strength of the obtained laminate was mea 
sured to be 1.1 kg/cm. - 

COMPARATIVE EXAMPLE 3 

A sheet of the vinylidene chloride polymer and a 
sheet of the polystyrene used in Comparative Example 
1 were tried to be bonded in the same manner as in 
Example 6, but they failed to be bonded. 

EXAMPLE 7 

Examples 1 to 4 are repeated, except that instead of 
the composition of the vinylidene ?uoride polymer and 
the methyl methacrylate-glycidyl methacrylate copoly 
mer, a vinylidene ?uoride-glycidyl methacrylate co 
polymer is used as modi?ed PVDF. The peel strength is 
measured and found to be the same as in Examples 1 to 
4. 

EXAMPLE 8 

Example 5 is repeated, except that instead of the 
vinylidene ?uoride polymer wherein methyl methacry 
late and glycidyl methacrylate are grafted, a vinylidene 
?uoride-glycidyl methacrylate copolymer is used as 
modi?ed PVDF. The peel strength is measured and 
found to be the same as in Example 5. 

EXAMPLE 9 

Example 6 is repeated, except that instead of the 
composition of the vinylidene chloride polymer and the 
methyl methacrylate-glycidyl methacrylate copolymer, 
a vinylidene chloride-glycidyl methacrylate copolymer 
is used as modified PVDF. The peel strength is mea 
sured and found to be the same as in Example 6. 

EXAMPLE 10 

A laminate prepared from a vinylidene chlorideacry 
lic acid copolymer and a styrene-glycidyl methacrylate 
copolymer or a styrene polymer grafted with glycidyl 
methacrylate exhibits a strong peel strength. 

EXAMPLE 11 

A laminate prepared from a vinylidene ?uoride-2 
hydroxyethyl methacrylate copolymer and a styrene 
polymer wherein maleic anhydride is graft-copolymer 
ized exhibits a strong peel strength. 

EXAMPLE 12 
A laminate prepared from a vinylidene chloride-2 

hydroxyethyl methacrylate copolymer and a styrene 
glycidyl methacrylate copolymer or a styrene polymer 
grafted with glycidyl methacrylate exhibits a strong 
peel strength. 
While the invention has been described in detail and 

with reference to speci?c embodiments thereof, it will 
be apparent to one skilled in the art that various changes 
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and modi?cations can be made therein without depart; 

ing from the spirit and scope thereof. 
What is claimed is: 
1. A thermoplastic halocarbon polymer laminate 

which comprises a modi?ed vinylidene halide polymer 
containing at least one functional group (a) selected 
from the group consisting of a carboxyl group, a hy 
droxyl group, and an epoxy group and a modi?ed sty 

rene polymer containing at least one functional group 

(b) which is selected from the above-defmed group but 
which differs from the functional group (a), with the 
contents of the functional groups (a) and (b) being 
1X 10-3 to 3 X 10-’1 mol/lOO g respectively. 

2. A laminate as claimed in claim 1, wherein said 

vinylidene halide polymer is a vinylidene ?uoride poly 
mer or a vinylidene chloride polymer. 20 
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3. A laminate as claimed in claim 1, wherein the con 

tents of the functional groups (a) and (b) are 5 X 10-3 to 
2X10-1 mol/lOO g respectively. 

4. A laminate as claimed in claim 1, wherein the con 
tents of the functional groups (a) and (b) are 1X 10-2 to 

_ 1X 10-1 moi/100 g respectively. 
5. A laminate as claimed in claim 1, wherein the func 

tional group (a) is a carboxyl group and the functional 
group (b) is an epoxy group, or the functional group (a) 
is an epoxy group, and the functional group (b) is a 
carboxyl group. 

6. A laminate as claimed in claim 1, wherein the func 
tional group (b) is a carboxyl group. 

7. A laminate as claimed in claim 1, wherein said 
modi?ed vinylidene halide polymer contains 5 to 60 wt 
% of an elastomer. 

8. A laminate as claimed in claim 1, wherein said 
modi?ed styrene polymer contains 5 to 60 wt % of an 
elastomer. 

1* IF 1k * * 


